We report a measurement of the CP -odd fraction and the time-dependent CP violation in B 0 → D * + D * − decays, using 657 million BB events collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric-energy e + e − collider. We measure a CP -odd fraction of R ⊥ = 0.125 ± 0.043(stat) ± 0.023(syst). 
In the Standard Model (SM), the irreducible complex phase in the Cabibbo-KobayashiMaskawa (CKM) quark-mixing matrix gives rise to CP -violation [1] . In an Υ(4S) event, the time-dependent decay rate of a neutral B meson to a CP eigenstate is given by P(∆t) = e −|∆t|/τ B 0
where q = +1 (−1) when the other B meson in the event decays as a B 0 (B 0 ), ∆t = t CP −t tag is the proper-time difference between the two B decays in the event, τ B 0 is the neutral B lifetime and ∆m d is the mass difference between the two B 0 mass eigenstates. The CPviolating parameters are defined as
where λ is a complex observable depending on the B when the decay proceeds through an S or D wave, or −1 for a P wave. A large measured deviation from this expectation can be a sign of new physics [3] . Recently Belle reported a 4.1 σ CP violation effect in the B 0 → D + D − decay [4] ; S was found to be consistent with − sin 2φ 1 whereas the measured A value indicated 3.2 σ direct CP violation, which contradicts the SM and is not confirmed by BaBar [5] . This decay contains the same weak phase transition as B 0 → D * + D * − , therefore a precise measurement of the latter is vital for a correct interpretation. The CP -violating parameters as well as the CP -odd fraction in B 0 → D * + D * − decays have been measured by both Belle [6] and BaBar [7] . Here we report a new measurement with more than four times the statistics used in [6] .
This analysis is based on a data sample containing 657 million BB pairs, collected with the Belle detector at the KEKB asymmetric-energy e + e − collider [8] L mesons and to identify muons (KLM). A detailed description of the Belle detector can be found elsewhere [9] . Two different inner detector configurations were used. A first sample of 152 × 10 6 BB pairs were recorded with a 2.0 cm radius beampipe and a 3-layer silicon vertex detector; for the remaining 505 × 10 6 BB pairs, a 1.5 cm radius beampipe, a 4-layer silicon detector, and a small-cell inner drift chamber were used [10] .
Charged particles are reconstructed requiring the transverse (longitudinal) distance be- [12] and is constrained in mass and fitted to a common vertex. The π + π − vertex is required to be displaced from the IP in the direction of the pion pair momentum.
The neutral D mesons are reconstructed in the
Unless specified otherwise charge-conjugated decays are implied throughout.
Charged kaons and pions are separated using a likelihood ratio, and −0.14 GeV < ∆E < 0.14 GeV.
We choose the B candidate with the smallest value of
where PDG refers to the world average measurement in [12] and i denotes the two D mesons.
The e + e − →(q = u, d, s, and c) background is suppressed by requiring the ratio of the second-to zeroth-order Fox-Wolfram moments [13] to be less than 0.4.
We perform an unbinned two-dimensional maximum likelihood fit to the large signal region in the M bc vs. ∆E plane. The probability density function (PDF) used to model the M bc distribution is the sum of a signal and background component. The signal PDF is described with a Gaussian function while the combinatorial background is modeled with an ARGUS function [14] . The ∆E signal distribution is fitted with the sum of two Gaussians where the width and mean of the second wide Gaussian, as well as the relative fraction of the two Gaussians, are fixed to the MC values. The ∆E background distribution is described with a second-order polynomial. Figure 1 shows two different projections of the two-dimensional distribution and fit results. We obtain 553 ± 30 signal events in the large signal region. In the small signal region, defined by 5.27 GeV/c 2 < M bc < 5.30 GeV/c 2 and −0.04 GeV < ∆E < 0.04 GeV the signal purity is 55%.
To obtain the CP -odd fraction we perform a time-integrated angular analysis in the transversity basis [15] . The differential decay rate as a function of the transversity angle is
where R 0, and R ⊥ are the fractions of the longitudinal, transverse parallel and transverse perpendicular components in the transversity basis. R 0 and R are the fractions of the CP -even polarization while R ⊥ is the fraction of the CP -odd one. A one-dimensional fit to the cos θ tr distribution allows the extraction of the CP -odd fraction, where θ tr is the polar angle between the momentum of the charged slow pion in its mothers D * rest frame and the normal to the other D * decay plain. The measured distribution of cos θ tr is distorted, in particular due to the angular resolution of the slow pion. The shapes of the CP -odd and CP -even polarizations are obtained from a signal MC sample taking the R 0 /(R 0 + R ) fraction from the previous Belle analysis [6] . The background shape is obtained from the fit, but limited to be a symmetric polynomial, i.e. a bkg · cos 2 θ tr + 1. The signal-to-background ratio is determined on an event-by-event basis using the M bc − ∆E distribution. The fit to the large signal region yields
and a bkg = −0.02 ± 0.04. The fit result is shown in Fig. 2 , superimposed on the cos θ tr distribution in the small signal region. This result is compatible with previous Belle and BaBar measurements [6, 7] . decay [17] . The PDF used to describe the ∆t distribution is:
The signal fraction, f sig and the CP -odd probability are obtained on an event-by-event basis, using the previous fits to the M bc , ∆E and cos θ tr distributions. The function P sig is given by Eq. 1 and modified event-by-event to incorporate the effect of incorrect flavor assignment. A dilution factor, [1 − 2f ⊥ (cos θ tr )] for S takes into account the fraction of the CP -odd component. We assume S even = −S odd (A even = A odd ) and define it as S (A).
The tagging quality is parameterized by a variable r that ranges from r = 0 (no flavor discrimination) to r = 1 (unambiguous flavor assignment). The data is divided into seven r intervals. The wrong tag fraction w r , possible tagging performance differences between B 0 and B 0 decays (∆w r ), and the parameters of the resolution function R res are determined using a high-statistics control sample of semileptonic and hadronic b → c decays [17, 18] .
However, the width of the main Gaussian component of the resolution is determined using 
with a statistical correlation of 11%. The significance of CP violation using the statistical uncertainty only is 3.4 σ. Our measurements of S and A are consistent with the SM ex- BaBar's result [7] . We define the raw asymmetry in each ∆t bin as (
where N + (N − ) is the number of observed candidates with q = +1 (−1). Figure 3 shows the ∆t distribution and the raw asymmetry for events with a good-quality tag (r > 0.5) in the smalls signal region.
The systematic uncertainties on the CP -violation parameters are summarized in Table I .
The largest contribution comes from the R ⊥ fraction, which only affects S D * + D * − . The systematic uncertainty due to the signal-to-background ratio is determined by varying the signal yield with ±1σ, the shape parameters such that the data points in the lower tail in |∆E| are well described, and the value of R ⊥ in a correlated way, as the signal purity also affects the angular analysis. R ⊥ is varied by 0.003, which is the systematic error in R ⊥ due to the signal purity and shape. The contribution of the resolution function and the and τ B0 parameters are varied around their world averages [12] . Systematic errors due to uncertainties in wrong tag fractions are estimated by varying the parameters w l and ∆w l in each r region by their ±1σ errors. The vertex quality cut is changed to ξ < 125 and the effect is included in the table. The ∆t fit range is changed from ∆t < 70 ps to ∆t < 10 ps.
A peaking background contribution is added with no CP violation. Finally, the tag-side interference uncertainty is included [19] . The different sources are added in quadrature to yield ±0.04 for A and 
